ABSTRACT
INTRODUCTION

17
The picornaviruses are a family of human and mammalian pathogens that include hepatitis A 18 virus, the rhinoviruses, foot-and-mouth disease virus, coxsackie virus, and poliovirus (PV). PV 19 remains a health threat in many parts of the world, where it is being kept in check by extensive 20 immunization efforts aimed at its eventual eradication (1) . Poliovirus has a 7.5 kb single- viruses. Structure prediction using the Phyre engine (32) that utilizes profile-profile sequence 59 matching and structure based threading to do homology modeling shows a high probability that 60 residues ≈100-260 fold into a AAA+ family ATPase. The AAA+ (ATPases associated with aforementioned electron microscopy data showing 2C ring assemblies. 66 The propensity of 2C to associate with membranes has made it difficult to study and much 67 remains unknown about both its structure and its function during viral replication. Thus far, 68 poliovirus 2C has been generated using GST (28) were added to the translation reaction.
160
Several constructs were later subjected to more rigorous rounds of purification in order to ATPase activity on these discs and Ub2BC activity was only reduced by ≈25% on DMPC discs 221 as compared to its maximal activity observed on DMPG discs. ATPase activity in our assays, we subjected several constructs to a more rigorous FPLC-based 259 purification scheme that included both a nickel affinity column and an ion exchange column 260 ( Figure 4C,D) . Ub2C, Ub2BC, Ub2BC3AB, Ub3AB and Ub2C-K135A were all purified in this 261 manner and used for the final Michaelis-Menten kinetic analyses (Table 2) . Batch purified 262 proteins were used to determine ATPase assay conditions and for initial kinetic comparisons 263 (Table 1) .
264
ATPase Assay. Enzymatic activity was determined using a coupled assay in which the rate 265 of ATP hydrolysis is linked to a stoichiometric conversion of NADH to NAD + ( Figure 5A ).
266
Figure 5B indicating that turnover within the reporter system was not rate limiting.
285
The activity of Ub2C bound to nanodiscs showed a gradual but weak monovalent salt 286 dependence with a fairly flat plateau between 25 and 100 mM KCl and a drop in activity at salt 287 concentrations higher than that ( Figure 5C ). The effect was small in the presence of KCl, with as it demonstrated only a ≈5% decrease in activity and is fairly close to physiological salt 292 concentrations. We examined the pH dependence of batch purified Ub2C activity at eleven 293 different values and found a fairly flat activity profile from pH 6 to 7 followed by a decrease in 294 activity as the pH was increased to 9 ( Figure 5D ). have shown a drastic loss of ≈25% activity between 37 ºC and ≈40 ºC (28). To ensure that the 308 rates were not reflecting assay reagent instability (e.g. PEP, NADH, ATP), the temperature 309 dependence experiments were repeated without the addition of Ub2C and these background rates 310 were subtracted from the observed Ub2C rates to yield the data shown in Figure 5E values for Ub2C, Ub2BC, Ub2BC3AB, Ub3AB and Ub2C-K135A are reported in Tables 1 and 2 The abbreviations used are: PV, poliovirus; FMDV, foot-and-mouth disease virus; Ub, ubiquitin. 
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